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INTRODUCTION 



Tests of the Northrop UX-^^k airplane have been 
made in the NACA full-scale tunnel at the request of the 
Army Air Forces, Materiel Command. The results of this 
investigation are of oarticular interest since the MX-55^ 
is an all-wing glider-type airplane having neither a con- 
ventional fuselage nor vertical surfaces. 

The primary purpose of these tests was to obtain 
sufficient data'with which to determine the longitudinal 
and lateral stability and control characteristics of the 
airplane. In additioii to the stability and control 
study, this memorandum report contains the results of 
tests that were made to (1) determine a suitable wing- 
tip leading-edge slat' arrangem.ent which would improve 
the static longitudinal stability of the airplane as well 
as increase the maximum lift coefficient; (2) establish 
a value of the minimum drag coefficient for the basic 
wing and determine the additional drag caused by the 
leading-edge slats; (5) determine the effects on tlie 
directional stability characteristics of the airplane of 
the addition of vertical fins; measure the effective- 

ness of the air-operated directional control system. 



SYIiTBOLS 

Cj) drag coefficient (x/q^S) 

Cy lateral-force coefficient (Y/qoS) 



Cj" lirt coerflcient (Z/qoS) 

Ci rolling -moment coefficient (L/qoSb) 

Crn pltching-moment coefficient (ivi/qoSc) 

Cxi yav.'ing-m.oment coefficient (N/q^Sb) 

^hp elevatoi- hinge-moment coefficient (H^yqQb^c^^) 

C}. aileron hinge-moment coefficient (KaActa'^a"^) 

where 

X force along X axis, positive when directed backward 

Y force along Y axis, positive vmen directed to right 

Z force along Z axis, positive vvhen directed upward 

L rolling moment about X axis, positive v/hen it tends 

to depress the right v/ing 

M pitching moment about Y axis, positive when it 

tends to depress the trailing edge 

N yawing mom.ent about the Z. axis, positive when it 

tends to retard the right wing 

elevator hinge moment, positive when the trailing 
edge is directed dov/nward 

aileron hinge moment, positive when trie trailing 
edge is directed downward 

^1 2\ 

q^ • free-stream dynamic pressure P^o y 

p mass density of air 

Vq free-stream velocity 

S wing area (2^0 square feet) 

b wing span (56 feet) 

c wing mean chord (6,9^ feet) 

be elevator span (9*7 f^^^t) 
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bg^ ailei-^on span (9-7 feet) 

b-t eleven tab span (2 feet) 

Cq root-mean-square elevator chord ^oov.i 

"Og root-nean-square aile.^on chord (O0855 foot) 

c"-^ root-iiiean-square tab chord (O.lo? foot) 

Q/Vq relative air-flow quant itv 

Q volui'iie rate of air flov\^ 

pb/^2V helix angle 

p rolling velocity, radians por second 

V indicated airspeed 

elevator stick force 

e 

Fq. aileron stick force 

Ap difference in static pressure between tl.e inside 
and outside of the rudder bellov/s 

cj^ section prof iD.e-drag coefficient 

Hq free-stream total pressure 

K]_ total pressure in the field of the airfoil 

y vertical distance from the wake center 

F a correction factor, usually about 0.8 to O.9 

a angle of attack of thrust axis, degrees 

)\f angle of yav/, degrees; positive w-ien the rigi'it 

wing is retarded 

63 elevator deflection (with respect to the wing 

chord), degrees; positive when the trailing edge 
is deflected downward 

aileron deflection, degrees; positive v/hen t]ie 
trailing edge is deflected dov.'nward 
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total deflection 01 both ailnrons, degi^ees 

5-p -pudcler^ defle3ctlon, degrees i^Gubsoript L Inuicate.^ 
left rudder) 

5-b tab deflection, degrees; positive when the traiiln/^ 
edge is directed do'wnward 



DESCRIPTION Of MODEL 



The Northrop MX-JJ^ tested In the VnIACA f -n.^-scale 
tiLnnel is a 3 ingle-pl^i:ce ^ ali-Vving, glider-typo airplane. 
Figure 1 shows tho airplane mounted on the balance ^system. 
The more inportnnt characteristics of the airp].ane are 
sumiiariz^d in the follo\/in£; table: 



GrOv^s weight, poun(3r. ?/)60 

Total wing area, square feet 2.^0 

Wing span, feet c . . » .3^ 

Mean aerodynarriic chord, feet d.21 

Airfoil section (constant along the span). NACa 66,2-018 
Proposed center-of -gravity location, 

percent M.A.C <• ^-7 -5 

Angle of incidence rel-^^tive to thruct 

line, degrees 0 

Angle of sweepback of the quarter criord 

line, degrees ?,1.Q 

Geometric tv/ist, degrees 0 

Dihedral angle, degrees , . . . . 1 



The general arrangement of the vjlng and control 
surfaces and the over-all dimensions of th.e airplane are 
sh.own in figure 2. The airplane was also equipped with 
fixed wing-tip> slats v/hich are not shown in the figure. 
The pilot's cockpit in tnis airplane is an integral part 
of the v/ing and is located in the center section of tiie 
wing near the leading edge. The wheel-type control 
column, which is operated from a prone position, is 
housed in the extended section [-t the leading edge. 

The outboard control surfaces, classified as 
elevens, serve tlie dual pu.rpoGo of elevators and ailerons. 
The elevons for this airplane were sealed and internally 
balanced. The general arrangement of the balance is 
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given in figure 5* It v/as necessary to install addi- 
tional seals at the hinges and at the Inboard and oilt- 
board ends of the elevons prior to the tests to obtain a 
completely sealed control surface. 

The inboard surfaces are the air-operated bellov/s 
type and provide both dive braking and directional con- 
trol. Each surface v;/as divided into tv/o parts to simplify 
the structure at the joint betv/een the wing and center 
section. The mechanical linkage betv/een these tv/o sur- 
faces is such that the upper and lower surfaces have 
identical angular travel. neither surface can be oper- 
ated Individually. The ducting for this system consists 
of a passage from a leading-edge inlet through a venturi 
section to a trailing-edge outlet and a second duct 
leading from the venturi throat to the bellows. The 
pressure and air flow for the bellows are regulated by 
means of a butterfly control valve placed in the venturi 
section . 



METHODS AND TESTS 



During preliminary tests of the airplane with the 
slats removed the wing" tips stalled at high angles of 
attack. Due to the high sv/eepback of the wing this tip 
stall caused a serious longitudinal instability. The 
development was therefore undertaken of a leading-edge 
slat configuration that would eliminate the irJierent 
longitudinal instability of the wing. 

The three slat arrangements that were tested in- 
clude (1) the original slat (fig. U), (2) the original 
slat moved closer to the wing leading-edge contour 
(fig. I;.), and (5) a large-span slat with the revised 
slot. The original and the large-span slats extended 
20 and 56.6 percent of the wing span, respectively 
(figs. 1 and 5). Force and moment measurements were 
made through a large range of angles of attack for the 
basic wing and for the tliree slat configurations. To 
supplement the force tests, tuft observations were made 
to determine the stalling characteristics of the wing as 
affected by these slat configurations. 

In order to provide a check on the force-test re- 
sults, the minimum drag of the airplane was also obtained 
by measuring the loss of total pressure in the wake behind 
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t'le v^ingo These measurements were made at numerous 
stations along the span at a distance approximately O.yOc^ 
behind the wing with the airplane at the zero lift attitude- 

In order to obtain data for the determination of the 
longitudinal stability and control characteristics of the 
airplane aerodynamic rnom.ents and forces on the airplane 
and elevon hinge moments were, determined for a large 
range of elevon deflections and angles of attack. ^ The 
changes in the hinge moments resulting from deflection of 
the elevon tab, removal of the added seals at the hinges 
and ends of the elevens-, and the installs- tion of a beveled 
trailing-edge eleven, were also determined. 

For the determination of the lateral stability char- 
acteristics of the airplane, forces and moments were 
measured at several angles of attack for angles of yaw 
ranging from 0 to l8,6. Some additional tests were made 
to determine the effect on the directional stability of 
the airplane of installing two sets of vertical fins on 
the upper and lower surfaces at the airplane center line. 
One set projected 12 Inches from the wing contour and 
extended I4. feet on either side of the center-of -gravity 
position; the second set, of equal side area ( 16 square 
feet), extended J4. feet rearward from the center of gravity. 
Figure 6 shows the arrangement of the fins on the airplane. 

Due to the unconventional method of rudder and brake 
control, tests v/ere m.ade to determine the effectiveness 
of the duct system. The air-flow quantity and the bel- 
lows pressures were obtained for four control-valve posi- 
tions v;lth the original and the modified leading-edge 
duct inlet. A sketch of the inlet modification is shov/n 
in figure 7* 

The data are presented in standard NACA force and 
moment coefficient form and are corrected for jet-boundary 
and blocking effects by the methods discussed in ref- 
erences 1 and 2. The'' moments have been computed about 
a center of gravity located at 27.5 percent of the mean 
aerodynamic chord and on the root chord line » The re- 
sults of the tests have been referred to conventional 
stability axes. The X axis always lies in tlie plane of 
sjrmmetry of the airplane and is oriented to coincide with 
the relative wind direction at zero yaw and v/ith the 
projection of the relative wind, on the plane of s^/mmetry 
at any angle of yav/. 
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RESULTS AND DISCUSSION 

Aerodynamic Characteristics of the Airplane 

Lilt and pitching moments .- The lift and pitching- 
mome-nt characteristics' of the airplane, v/ith the leading- 
edge wing slat removed and with the original and large- 
span slats installed, are given in figure 8. The results 
of tuft observations^ which supplement the force test data, 
are shown in figures 9 and 10. The pitching-moment varia- 
tion for the basic v/ing shows approximately neutral sta- 
bility for lift coefficients up" to the stall with the 
center of gravity located at 27.5 percent m.ean aerodynamic 
chord. At the stall the loss of lift at the wing tips 
increases the positive pitching-moment coefficient and 
causes serious longitudinal instability . It was evident 
that, before further investigation of the aerodynamic 
characteristics of the airplane were justified, improve- 
ment of the static longitudinal stability of the wing 
near the stall v;as necessary. 

The most effective method for eliminating the insta- 
bility appeared to be the control of the stalling pattern 
with suitable v\^ing-tip slats and, accordingly, the three 
slat configurations previously described were tested. 
Each slat configuration progressively improved the stalling 
characteristics of the v\ring, aa shovm by the continuous 
decrease in wing-tip stall in the tuft surveys, and by 
the decrease in positive pitching moments at angles of 
attack near the stall in figure 8. The large-span slats 
with the revised slot retarded the flow breakdov/n at the 
tip section imtil after the center section had stalled, 
thus eliminating the cause of the instability. They 
also Increased the maximum lift coefficient from a value 
of 1.15 to 1*26. The unstable pitching-moment variation 
at low lift coefficients for this condition is probably 
due to the interference effects of the slats on the air 
flow over the wing at low angles of attack. 

Drag.- The drag data from these tests are presented 
in figure 11. The m_inimum drag coefficient for the basic 
wing was 0.0100. The original slats with the revised 
slot increased this value to O.OII8; the large-span slats 
with the revised slot, to 0 .01116. 

In order to determine the section drag coefficients 
and to check the minimum drag of the basic wing, v/ake 
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surveys were made. The section prof ile-dra<5 coef f icleiTGs 
were calculated by the relation 




/wake 



Ho / 



which is discussed in more detail in reference J. The 
results of these calculations are presented as the varia- 
tion of ^do^ with spanv/ise station in figure 12. The 
shaded areas on this figure represent the portion of the 
total measured drag that was contributed by the inter- 
ference of the support struts and fairings. Integration 
of the section drag coefficients along the span, excluding 
the 22-inch center section, gave a drag coefficient of 
0.007[|_. A detailed survey of this center section gave 
a further contribution of O.OOI9 to the total drag of the 
v/ing. This latter incremoxit includes the profile drag 
of the center section as well as the drag corresponaing 
to the energy losses of the air passing through the duct 
system. The sum of these values gives a total drag 
coefficient of the airplane of O.OO95, as measured by the 
momentum m.ethod. 

The minimum drag coefficient obtained by force tests 
is greater than the drag coefficient determined from tlie 
wake surveys by O.OOO7. This difference is somev;hat 
greater than the expected experimental inaccuracy (ref- 
erence I4,) . Further analytical investigation shov/ed that 
the difference arises from the induced drag resulting 
from variations of lift across the span of the v/ings . 
Evidence for such spanwise variation of the lift v/as 
furnished by the wake surveys v\^hich showed appreciable 
vertical displacements of the wake relative to the trailing 
edge, corresponding to appreciable local clownwash and 
upwash angles. The displacement of the v/ake was par- 
ticularly noticeable behind the center section, and at a 
location about h, feet to the right of the center- By 
an analysis of these angles, which are assumed to be given 
by the ratio of the vertical displacement to the distance 
from the trailing edge, an induced-drag coefficient of 
0.0005 v/as computed. The addition of this v^^lue to that 
found for the profile-drag coefficient gives a total of 
0.0098 which is in satisfactory agreement with the value 
of 0.0100 determined by the force tests. 
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Static Longitudinal Stability and Control 

^ glevator effectiveness.- The results of tests made 
witn Che sealed elevons operated ss elevctors are riv-.ii 
m figures 1^ and ik which show the variation of" Cl, 
CjT^, and with elevator deflection. The data are 

presented for the basic wing and for the wing with the 
large-span slats installed. At low angles of attack 
the^elevator effectiveness dC^/d6e, measured at ' 
^^Vu it -O.OOI17 with the slats removed and is -O.OOLl 

with the large-span slats Installed. Although r\C^j<mL 
is decreased at high lift coefficients for the slats- 
removed condition to -U.OO3U, the value of aC^/db^ for 
the slats-installed condition remains unchanged. Sani- 
larly, the values of dCh^/dSe, measured at C-,^, = 0, 
are lower ^t low lift coefficients .and highor at'hlgh 
lift coefficients with the slats installed than with the 
slats removed. For the slats -removed condition dCh /da^ 
Is -0.0055 at a Cl of O.5). and -O.OO55 at a Cr of"" 
0.90; with the slats installed, dC_v,^/d5^ is -O.OO5O at 
a Cl of 0.33 and -0.00l;.3 at a Cl ^of G.92. 

In order to compare the stick-fixed longitud'' nal 
stability of the airplane with and without slats, curves 
showing the variation of elevator deflections for trim 
with lift coefficient have been obtained from the test 
results and are given in figure I5 . With the slats 
removed, the airplane is unstable from a Cr of 0,1 to 
O.U and Is neutrally stable from a Cl of O.ix to O.Q. 

^g^?fr/-^* coefficients there is k large degree of 
instability since increases of down-elevator deflections 
^^,lJt?^^^,^'^ ^° reduce the forward speed of the airclane . 
Vath the large-span slats installed, however, the air- 
plane IS stable at all lift coefficients above 0.6 but i<^ 
approximately neutrally stable at lower lift coefficients 



^ v,.^ "^r^-^f^i"^ satisfactory stability requires a 

stabxe stick-free pitching-moment variation. The re- 
sults in figure I6 show that the airplane with slats 
removed is very unstable, stick free. With the airplane 
trimmed at the same lift coefficient, it is shown that ' 
the large-span slats decreased this instability sliFhtl^^ 

Meh IV^^"^ positive pitching-moment variation at 

high lift coefficients was reduced. 
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It has alread-y been shov/n that by eliminating v/inp:-- 
tip stall the large-span slats Increased the static 
longi tvidinal stability of the airplane at hi.gh angles of 
attack, butp in addition, the improveinent of eir flow 
over the wing-tip section decreased th.e trailing-edge-up 
floating tendency of the elevons. Figure I7 shov/s lov/01* 
eleven floating a.ngles throrxghout the lift-coefficient 
ravage with the slats installed • Near the stall, the 
effect of the slats is to reduce the floating angle fror:.- 
the maximum up -elevator deflection of IJ^ up to an angle 
of approximately 

Another measiu-e of the stability of the airplane is 
the variation of stick force for trim with flight speed. 
The stick forces \:er3 compute^d fro:... the relation 

1 d5p _ 2 

= qb^c^ Cv, 

- 57.5 dx ^ ^ 

where dO^/clx is the variation of eljvator deflection 
v/ith stick travel which nay be obtained from the cali- 
bration given in fi.gure I8. The elevator stick forces 
required to trim the airplane through the speed range 
for level flight are presented in figure I9 . Evidence 
of the instability of the airplane, \^ thout slats, is 
given by the stick-force variation which shows pull 
forces at speeds above the trim speed and push forces, 
below the trim speed. Although the large-span slats 
greatly improved the variation of trim, stick forces v;ith 
speed, the stick-force gradient is very lov\^. Witli the 
airplane trimmed at 100 miles per hour , . however , an un- 
stable stick-force variation still exists. This unstable 
condition can be alleviated somewhat by artificial mes-nn. 

In the previous seqtions it iias been shown that lor 
the design center-of -gravity location of 27.5 Percent 
mean aerodynamic chord the airplane is unstable v/ith slats 
removed and stable at lift coefficient above 0.6 with the 
large-span slats installed. The most rearward center- 
of-gravity positions for neutral stability are shown in 
figure 20 for the two configurations. The airplane with 
slats installed will be stable at all lift coefficients 
for a center-cf -gravity position of 26 percent mean aero- 
dynamic chord. V/ith the slats removed the airplane will 
be longitudinally stable up to a lift coefficient of 1.0 
for a center-of -gravity location of 25 percent mean aero- 
dynamic chord. At higher lift coefficients the neutral 
point moves forward rapidly. 
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Tab ef 1 Oct iv e ness > - The results of elev-tor erif.c- 
tlveness 'Tests maKeTTor tab deflections of ±10*^ and ISO*^ 
with the large-span slats Installed are given In fig- 
ure 21. These carves show the variation of C^,, C^^,, 
and Ch^ with 5e for three angles of attack • The 
values of dG.ydS^ and ciCh^^/dS^ are both approxi_riiately 

-0.00l|0 for the range of lift coefficients and tab de-^ 
flections tested . 

The longitudinal stability and control character- 
istics of the airplane v/ith the tab deflected are oorrjpared 
with the results of the preceding section for the zero 
tab setting in figures 22 to 25. For the range of lift 
coefficients tested/ the variation of elevator deflection 
for trim with lift coefficient (fig. 22) is stable for 
tab deflections of 10^ and ±20^. ^The variation of 5^ 
for trim with Cr, with the tab deflected -10^ is appror.i- 
mately the sar.ie as that with the tab neutral. 

The instability of the airplane, stick free, is 
generally the same with the tab deflected as with the tab 
neutral (fig. 23). At tlie larger positive tab deflec- 
tion and at high angles of attack the instability increases, 
probably on account of tab stalling. 

It is sriown in figure' 21^ that the elevator with the 
tab deflected -10^ floats about 1^^ more nose up at a 
of 0,3 and 3^ m.ore at- a of 1.2 than \-ith the tab 

neutral. Above a lift coefficient of 0^6 the nose-up 
floating angle is less with the tab deflected -20^ than 
for a deflection of -10^. Deflecting the tab 10^ and 
20 progressively decreased the nose-up floating angle of 
the elevator. 

The curve of elevator stick force for trim against 
indicated airspeed at sea level (fig. 25) shows that the 
airplane is trimmed at approximately the same speed, 
100 miles per hour, for either -10*^' or -20^ tab^ settings . 
For these trim tab settings, however, the airplane is 
unstable inasmuch as pull forces are required' at speeds 
above the trim speed and push forces below the trim speed. 

Although the airplane can be trimmed for zero stick 
force, it will be unstable for this condition. Also, 
the stick-free longitudinal instability is decreased very 
little with the tab deflected. This tab is ineffective 
at large tab deflections. 
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Elevator e f f e ctiveness v/.\th modified olevon - - T.: • e 
variation of "c^, C^, and C^^ with 6e obtained for 

tests with the elevon seal removed and v/ith the slata 
removed are given in figure 26. These results show ver; 
little change in dCrr/d5e and dCh^/dSe resulting frora 
the removal of the elevon seal. For this conditio!! 
dC>.yd5e increased slightly from -O.OOl^O at a ^ Cl of 0. 
to -O.OOl'J at a Cj^ of 0.92 and dCh^/dOe decreased fr 
-0.0050 at a Cj^ of 0.1 to -O.OO58 at a Cj, of O.O5. 

The effect of the seal on the elevon free-floating 
angles and stick forces are shov;n in figures 27 and 28. 
The sealed elevon floats about 5^ more tail-heavy than 
v/hen unsealed throughout the lift-coefficier't range . 
Although the airplane is longitudinally unstable vi^ith th. 
slats removed in^ either case, the sealed elevon increase 
this instability and changes the trim speed from about 
210 to ■ 100 miles per hour. 

Aerodynamic forces and moments were also measured 
for tests with the original elevon beveled and unsealed 
and with the large-span slats installed. The test re- 
sults are given in figure 29. Figure 30 shows the 
detail of the bevel on the original internally balanced 
elevon. The elevon hinge moments for the new surface 
were computed for the increased di.mensions of chord and 
area. For this condition, dCn/d5e increased slightly 
from -0.00)i2 at a Cj^ of 0 . 1 to -0. 00)4.6 at a of 
1,1 and dCh^/dSg increased from -O.OO55 at a Cj^ of 
0.1 to -0.0067 at a Gl of I.05, 

Inasm.uch as the test with the beveled elevon was 
made with slats Installed and elevon seal removed, it 
v;as necessary to assmr.e that the effect of tiie seal with 
the large-span slats installed would be the same as that 
v/ith the slats removed in order to estimate the effect 
of the bevel on the elevator floating angles c ./ith thi 
assumption in mind, it is seen in figure yl that the 
bevel succeeded in making the elevator somewhat more 
tail-heavy. The comparison of stick forces for the 
original and beveled elevon in figure 52 shows appro >ci- 
mately the same variation vyith speed. 
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Lateral Stability and Control 

Aero dynariii c c ha r a c t e r i s u i c s i n yaw,- The results of 
tests made v/ith the airplane yawed 0^, 2.9*^, 5*o^, 9*5^^ 
111.5^, arid 18*6^ are presented In figures 55 to 55- '-^he 
data include the variations of Cj, C^^ Cv. ^^d C^^ 

with total aileron deflection for four angles of attack 
at each angle of yavv . The variations of C^, 0^^. and 

Cy v/ith which were obtained by cross-plotting the 

original data at zero aileron deflection, are shov/n in 
figure 56. 

As shown by the low value of dCj/d\l/ at an angle 
of attack of 5-5^^ the airplane v/ill have practically no 
effective dihedral in the low angle-of -attack range. It 
is important to note that dCj/d\i/ increases rapidly v/ith 
increasing lift coefficient. At an angle of attack of 
16.^^, for example, dCj/d^l/ is approxim.ately O.OOI6, 

which corresponds to an effective dihedral angle of about 
8'^. This large increase in effective dihedral v/ith 
lift coefficient is attributed to the large angle of 
swoepback of the v/ing. 

The airplane v/ill have almost no weathercock stability 
at low angles of attack as shown by the small value of 
dC,yd\|/ (-0.0002) at an angle of attack of 5.5^. As 
was the case for the dihedral effect, the v\reathercock 
stability increases rapidly with increases in lift coef- 
ficient/ At an angle of attack of 16.9^, dCn/d^ is 

approximately -0.0010 per degree. 

The variation of lateral-force coefficient v/ith ^ 
is also very small at lov/ angles of attack. The value 
of dCy/d^ shows a stable variation for angles of attack 
below the stall up to a yav/ angle of I'y^ v/here the values 
of d^Cy/dif begin to reverse sign v/ith further increases 

of At the stall, tiiere is a reversal in the side 

force from positive to negative at 'if = . 

The variation of lift coefficient and pitching- 
momeiit coefficient vvitli angle of yav/ is shown in fig- 
ure 57 for four angles of attack. The changes in pitching- 
moment coefficient v/ith angles of yaw are small and some- 
what irregular- The decrease of lift coefficiexat with 
angle of yav/ v/as small for the range of yaw angles tested. 
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Since an undesirable side-force reversal occurs at 
an;-:les of yaw above 15^, fins v/ere attached to the wing 
carter section in an attempt to correct this condition. 
The variation of C^, C^^, and Cy with for the 

airplane v/ith fins installed is sliown in fi3ure 53 for 
yaw an,::les of 5-^^ ^-nd l8.6^, A summary of the test 
data^ giving a comparison of the results for the airplane 
with and without fins attached, is shown in table I. 

Relatively small changes in C^^ and we.^e 
measured. at the maximum angle of yaw for either fin ar- 
rangement although lower values of Cj v/ere obtained 
v;ith the full-chord fin than \vith either the half -chord 
fin or the basic wing. The unfavorable side-force 
variation at the higher yaw angles was eliminated by both 
types of fins. At an angle of attack of l6.9*^ the 
lateral-force coefficient for the fin-removed condition 
was increased from -0.0027 to 0.0350 with the half - chord 
fin and to O.CjSO with the full-chord fin arrangement. 

The variation of Cra, Cq, and a with Or, for 
airplane with slats attached and controls neutral at 
\|/ = ll(..5^ are shown in figure 59. The airplane lift, 
drag, and pitching-moment characteristics are similar 
v/ith the airplane yawed 0^ and lli.5^ although for the 
latter condition there is some irregularity in the lift 
curve at highei^ angles of attack. 

A ileron effectiveness and control . - The data neces- 
sary ro};* the de terinmatlon of lateral .'control (fig. i+O ) 
show the vari^aion of C^, C^, and G*v.^ with total 

aileron deflection (tab neutral) for the airplane at zero 
yav/ with and v;ithout slats attached. Computations have 
been made of the helix angle pb/2V which represents 
the lateral displacement of the wing tip in a given forv/ard 
travel of the airplane as a function of total aileron 
deflection. A requirement of satisfactory lateral con- 
trol, as discussed in reference is that the value of 
pb/2V in flight should not be less than O.O7. The helix 
angles were comxputed by the relation 

pb Ci 



v/here is the total rolling-moment coefficient due to 

deflection of both ailerons and C? is the rate of 
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change of with pb/2V and is dependent only upon 

the georiietric chai/ac teristlcs of the airplane. The 
variation of helix angle with tobal aileron deflection for 
the two 'Sirplane conditions is shov;n in figure ill. Ex- 
trapolation of these results shov/s that for the maximum 
aileron deflection of 21^^ the value of pb/2V is about 
0.055 2.1^0 miles per hour and O.OyO at 7'^ miles per 
hour, slats installed, and is approximately O.O65 
229 miles pel' hour and O.O68 at 72 miles per hour, slats 
removed. These vf.lues have been calcul- 'ted rrom v/ind- 
tunnel data, but it should be noted at this i.)oint that in 
flight the adverse yaw at low speeds and the effects of 
comapressibility and v/ing twist at high speeds v;oulc 
probably lov/er tb.ese values by about 20 percent. 

Aileron stick forces for the required pb/2V have 
been computed for different aileron deflections and flight 
speeds, and the results are given in figure }:^2. The 
forces were obtained from tlie relation 



where Ch_ and Cho . are tlie aileron hinge -moment coef- 
Q-u ^d 

ficients for a given up and down aileron deflection, re- 
spectively, and dSg^^^y'dx and dS^^/dx are the variation 

of aileron defleci:ion with stick travel obtained from 
figure . The value Aa is the change in effective 
angle of attack of the dovvn-going wing. 

The aileron-control-force variation with aileron 
deflection shovjs no reversal of forces and an increase 
in force v/ith increased aileron deflection. The force 
Tor maximum aileron deflection is about 75 pounds at 
2l|.8 Fiiles per hour with slats installed and 90 pounds at 
229 miles per hour, slats removed. Forces of this 
magnitude will be excessive for a v/heel-type control 
operated from a prone position. At landing speed, the 
control force is of the order of 5 pounds for maximiiam 
aileron deflection. 
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Directional Control System Operation 

During the pi^eliminary investigation of the ntallln£, 
characteristics of the airplane, indications of the in- 
adequacy of the rudder-control duct system v;ere notice- 
able. The tufts around the duct inlets v/ere observed to 
be very unsteady as the angle of attack v/as increased 
and, above an angle of attack of about ih,^ , it v/as found 
that the air flov/ was directed out rather than into the 
inlet. Fur the mo re , before rudder effectiveness tests 
were made, a trial test was conducted to determine the 
operational effectiveness ol' the control valve and bellows 
It was impossible to hold a i:iven rudder deflection and^ 
probably due to poor air flow through the duct system, 
the rudder v/ould fluctuate vvith changes in angles of 
attack for a given setting of the control valve. Ex- 
ternal locks were therefore used for all rudoer tests 
and, later, tests were made to. determine bellows pressures, 
air-flow quantity, r.nd effectiveness of the butterfly 
control valve. 

The variations of C^, Cj, and Cy with rudder 

deflection for a range of. angles of attack are shovvn in 
figure l44» Similar measurements were made for combi-, 
nations of right and left rudder deflections and the 
results are shown in figure . The rudder effective- 
ness dCn/5p measured at Cj-^ = 0 was -O.OOOO6 for most 

angles of attack* It is apparent .from the results in 
figure iilj. that the system proposed for trimming the air- 
plane in yaw is inadequate; that is, the value of Cj^ 
developed by maximum rudder deflection v^li not be suffi- 
cient to trim out the adverse yaw due to maximum aileron 
deflection. 

The results of tests made by fixing the butterfly- 
valve position and measuring the rudder deflection at 
various anf^les of attack are shown in figure I16 . The 
findings of the tests v;ith the original inlet substantiate 
the tuft observations because the rudder deflections 
began to decrease rapidly above an angle of attack of 
about 12*^, These results also shov^ the irregular control 
surface fluctuations as the angle of attack is increased o 
Furthermore, there is a marked variation of the deflec- 
tions of inboard and outboard sections for any given con- 
dition. It was realized that for adequate control, 
especially at high angles of attack, the air flow c..t th-j 
inlet should be improved. The original' inlet was modifie 
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jy (1) reducing the sv/eepback of the leading-edge Inlet 
"^o ^erc degrees and by (2) providing an initial negative 
angle of attack of about llj.^ at the face of the inlet 
(fig. 7). 

Results similar to that obtained for the original 
inlet were obtained for the modified inlet except that 
greater rudder deflections were ottained and the tendency 
to stall at the inlet was delayed several degrees 
(fig, I4.6 ) . The measurements made to estimate the quan- 
tity of air flow through the duct system (fig. Ij.? ) shov/ 
similar chc^rac terist ics of the effectiveness of the tv.'o 
inlets. ;.ir flowed out of the system at an angle of 
attack of I50 fop the original inlet and at 2)4"^ for the 
m.odified inlet. In both cases the available quantity 
decreased rapidly wirh change in angle of attack from 
the high-speed attitude. 

The variation of deflection of tl-.e inboard and out- 
board sections of t/ie rudder is caasec by an uneven dis- 
tribution of nressure in the tv/o sections of the rudder 
as shown by the variations of the pressure differential 
across the bellov/s with angle of attack in figure 4S . 
The effectiveness of the butterfly valve is shown in 
figure 'L\S for each inlet type. It is important to note 
that the rate of change of valve position v/ith rudder 
deflection varies considerably and that the valve is most 
sensitive v/hen about one-half closed. Paralleling the 
results in the previous figures, it is shov/n that, v/hen 
the inlet is stalled, the full range of valve setting 
will not change the rudder deflection. 

The over-all efficiency of the bellov/s and duct system 
was determined by measuring the time lag for maximum sur- 
face deflection with instantaneous full-i'udder conbrol. 
The miniiiiu]7i time interval for the best condition was about 
il seconds. Since the inlet a.nd duct system do not pro- 
vide adequate quantity of air flow through the c'ucts and 
pressure vvithin the bellows arid since the control-valve 
operation v/as not effective, the dii^ectional control 
system such as tested in this model is very unsatisfactory. 



SUmmRY OP RESULTS 



1. At the design center-of -gravity location of 
27.5 percent mean aerodyn^oTiic chord, the airplane with 
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3?uats removed v/ill have an unstable stick force and 
elevator-trim-angle variation v\^ith speed; the inotability 
is very pronounced near the stall, 

2, Installation of large-sp^^-^n slats to the leading 
edge of the" wing provided SoPtic lon.vUtudinal stalality" 
at lift coefficients greater than 0.5. The variation 
of stick force with speed, however, is unstable v/ith the 
airplane trimmed for zero stick force at 100 miles per 
hour . 

5. The airplane, with slats inst'-.lled, will be 
longitudinally stable at all lift coefficients for a 
center-of -gravity position of 26 percent mean aerodynamic 
chord. With the slats reiaoved, the airplane v/ill be 
stable up to a lift coefficient of 1.0 for a centcr-of- 
gravity loc.^-^tion of 25 percent mean aerodynamic chord o 
At higher lift coefficients the neutral point moves for- 
ward rapidly, 

Ij,. The largo -span slats not only improved the 
static longitudinal stability of the airplane at high 
lift coefficients but also increased the maximum lift 
coefficient from 1.15 to 1.26. 

5. Th«o value of the minimum drag coefficient for 
the basic wing' is 0.0100; the addition of the large-SDan 
slats increased this vuluo to 0.0ll^6. 

60 The effective dihedral dCj/d\l/ and the weather- 
cock stability- dC^/cW arc practically zero at low angles 
of attack. The value of dC|,/d\i/ and dC^^/6:]f increase 
rapidly with angle of attack such that at an angle of 
attack of 16.9^ dCj/d\ir is approximately 0,00l6 and 
dCn/cl\is -0.0010. 

7. The l^.teral force developed in yaw is small and 
at angl^^ of yaw above 15^ the slope of the curve of 
lateral-force coefficient against angle of yav; changes 
from positive to negative, 

8. The installation of vertical fins at the wing 
center section resulted in a large im.provement in the 
lateral-force characteristics at high angles of yaw. 

9. The stick forces for maximiim aileron deflection 
in flight at low lift coefficients may be excessive for 
control operation from a prone position. 
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10 c The method for obtaining dlrec tlori:'! control 
is entirely Inadequate.. The yawing moment developed Ir/ 
naximujii rudder deflection will not be sufficient to trim 
out the total ad^.'^erse yaw resulting fi*om maximum aileron 
deflection. 

11. If tne present directional control system is to 
be used, the design of the duct system must be revised 
to obtain satisfactory performance. Modifications to 
the inlets, the ducting, and trie butterfly contrx)l valve 
are required, and, if possible, the control surfaces 
should not be sectioned. 



Langley I/Iemorial Aeronautical Laboratorj^, 

National Advisory CoKimittee for Aeronautics, 
Lahgley Field, Va., January 15, l^h-k* 
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EFFECT OF SLATS AND FIlIS ON THE AEHODYITAMIC CHARACTSRI3TICS OF 
THE r^X-$5l.l- iilRPLilNE YAWED AT S.6° AND l8.6° 
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(a) Three-quarter front view. 



Figure 1.- The MX-334 airplane mounted for tests in the NACA full-scale tunnel. 

Original slats installed. 
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Section at center line of the airplane 



Figures -Arrangement of fins on the MX-J34 airplane. 




Original inJei face 




Revised Inlet face 



Vertical section of the duct inlet 
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Figure 7 r Inlet modification for the MX -334 airplane 
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Figure f6r Effect of s/oh onfhevorhf/on of pitching - 
tnomcnf coeff/cienf f/ifh lift coeff/cienf. Stick free; 
center ofQruyltij atstSf^ercenf f^AC. 




% figure 17. ~ Effect of j/afs on the variation ofelei^afor 
~_\ floaf/ng angle with lifi coefficient Sfic/c free, -^ab neutraf. 



-U. 



] center of grai^ity at £7 .5 percent flA C. 




Figure IQ -Effecfofs/ah on the variof/on ofe/ei/a/orsfyck 
force for frino with indi(Xifed airspeed of" ^ea /ei/e/. 
Cenfer ofgra\//ty at 27.S f^ACj , l/.dS. 




Figure 2.O.- Variation ctF neufraJ po/nf tvifh /iff coeff/c/enf- 
for the o/rp/ane ivith and Mfhouf s/ah^. 



9:M 



1 



.Iji.l. Illiil.l. ii.di:' k,.ili;i..li..-iii.-- . . . , 

■panuj^uoj .-/^sj/ib/-/ 
^i^-^/ '1^ (q) 



WW 



1^ 



1.T 



Ml 



3F 



';'W|tiW|i^|: . 



MA i^M HA Itft IKH MP 

TOfffitTlvriiiriTi 








i 














-■-1 




















■f - - •-• - 
1 








■ 




































. , . „ — — - — 1-*- 


1 










































._J — — 














































i 




— 






































. 




i- 
p 




J- 




— 


— 


- 




























— 




— 




/ 


") 














— ■ 




















— 




— - 


























i 


c 




Q 


















5" 






















-ft 


) 

3 


— 




7--/ 


— ^ r 


































l< 


) 








_ — — TT*"- 




.V 
































5- 


•-- 




—7 -- "1 














































i ' 1 1 n « \\Jy ini, ¥ I* ^.^ n 1 












































MJMwiti'wC •'J* f *u ^»»/ w . 


- 




. ._ 




-A 


)- 




















































.JL 








4. 


I 






.4 


I 




■ _jL— _ 






























I 


If 


^ i 








it 




' ■ _1 ' -illiiio;;.-^— 1 — — — 












Fl 








?^ 





Vo 


r/ati 




0 












5^/? A////? /iff ^ • ; 














coenicient fbrditterenrtob^err/ngs. Lnrge-.spc3n^ja/^ ^ ■ 
inski/led: e/e^on sea/edj cenfer o/ groyi/i/ of £7.S fXirenfM^M-^^ 1 1 

















































































• 
























. n 
•ajL 

/a - - 


i 


■ ■ ■ ■ ■■' ' ■■■ ■ ■ -■•■iiii^-^m 












— 




L 
















t ; 


M-i*' >i-«* 

— 


5 riS fiw ^ *^ ^ 4^ ^ ■*^- 


































^ . . ,.„mU — 
















































I 




































1 


























Id. J.e. ^ 


































































JJf 


















n 


gun 

an 

3po 


coeff/cf 
n 3lai;3 ir 


e/ 

73 


if/or 
itfc 
talle 


7 of piiching 
-^r different 
e/e^on se 


-mom en f 
fob sScH-in 
^Jec/j ceo? 


coeff/c/eni- iv/ff) — 














^er of groy^ifi/ of i_ 



^7.5 percent flAC, 



-to 

CM 





'1 



Figure 24r /or/o//on ofe/ei/ofor f/oofing angle Mth hif 
coefficient for differenf fob settings. 3ticf^ fnsej /arge - 
■1: ,.; 1 ^pan ^Jots insfolled; e/e\/on .seo/edj center cffgrai^ity a?" ' % 
a?. 5 percent MAC 






Ftgure ^f^5: - Vbriotion ofeiei/ator ^t/ck force for fr/m iv/ fh 
indicated airspeed of^eo /ei/et tor different iob settings. | 
Large-^pan ^tof^ /nsfoiiedj e/e\^on s^eafedj center of gr^i^jfy 
of 27.^ percent /iAC. 
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Figure 2Q.- Effect of the e/e^^on sea/ on the i/onof/of) of 
e/euvfor ^f/c/r force for fnm tv 'ifh indica fed o/rj^eec/ of 
sea le\/ef. J/ats remov^edj fob r?ec//ro/j center of g/Vi^/t^ 
of 27. S percent MA C 
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Hgure 30 r Sketch of the bei/eled e/ei/on for the MX- 334 o 'lrplone. 




if r/gure 3/r tffect of the b€\^e/on fhe e/ex^n f/oot?'ng ong/e . | 
7.^ Large -span shfs insh//ed; e/e/on. 3ea/ or?; inb r^eufto/j 
1 center ofgra^/fu of ez S percent MAC. 
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n'gure 32 r I/or/a f /on of e/ei/ofor sf/ck /brce /br him kkf//h 
indfcafed airspeed ofseo /ei/el for the bsi/e/ec/ one/ 
or/gino/ e/e\/on. Large- jpon shh /nsfo/fec/; fob neutro/j 
center ofgroir/ty of azSpercer)t MACj ^A, //.aS. 
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